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     THERMAL ANALYSIS OF THE OXIDATION OF 
                SULPHITES. (I) 
             The Oxidation of Acid Sulphite by Iodate. 
                         I3y Hloeo MATSIJYA\[A. 
    Among the oxidation reaction of sulphurous acid in aqueous olution hitherto 
investigated, the oxidation by iodic acid is one of the reactions whose initial parts 
are so interesting to mention. In [he reaction behveen sulphurous acid and iodic 
acid in dilute aqueous olution, when the latter is in excess, a certain time 
elapses before iodine appears. This reaction is what is called the Landolt reac-
tiontt Jvhich is famous for its having an induction period. And such a phenome-
non as this is called "Landolt effect." Many studies=' on the very reaction 
have been made since Landolt, and the reaction mechanism" ~~' ascertained is as 
follows 
         10; -!-350; -.I-+3S0,- (slow) (1) 
         109 +CF[*+51 -+3it+3H..0 (measurably rapid) (z)
         31,+350;; +3H_.O->61 +6H*+350~ -. (instantaneous)(3) 
   'I'Itis mechanism is commenced witlJ the first reaction (i) The iodine ions 
formed become iodine molecules according to reaction (2) ; the molecules are, 
however, soon reduced to the iodine ions according to reaction (3). "fhe iodine 
ions thus Conned taking part successively in reaction (z), the rate of disappearance 
of sulphurous acid becomes larger and larger. As soon as sulplnlrous acid 
is exhausted, only reaction (z) begins to proceed and at this ins[:mt iodine 
appears. While these three reactions-(1 ), (z) and (3)-are proceeding simul-
taneously, equation (1} is stoichiometrically established, because reaction (z) plus 
reaction (3) makes reaction (1). The rate-determining 'reactions :d the induction 
period are reactions (t)~and (z), and according to the researches""bJ hitherto 
made, the velocity equations of these two reactions (t) and (z) are respectively 
    r) PL landotl, Ben Dkck, dom. Cea, 19, ry7 (rS86); 20, 745 OSSy). 
     z) c. g. J. r:ggtry Z. F_k.(Ymrkenr., 23, S Qgr7); A. Skrnbal,ibid.,26, zzq (t9zz): J. F.ggun u.I„ 
        Pfelfermnnn, Z. mmrB Glum., 139, 3ro Qgzq). 
     ;{) A. 'I'hicl u. li. Meyer, Z.anog. Chem.,137, rz5 (i9z4). 
     q) A. Skrabol u.A. T.ahorka, Z. Ekhtroehem.,33, qzQ9z7). 
     5) S. Dunhman, f. Phyr..~lum., 8, 453 (i9o4); E. Abet u. P. Stadleq Z.fleyrrk. Chmr., 122, 49 
      (rgzG).
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as (ollotvs: 
                 rir 
             dr 
where z, and x, are constants. 
    OF these ttvo, reaction (t) as an isolated reaction has not been studied so 
muclt.'tl•'t By Prof. S. Horiba's thermal analysis,el which had been successfully 
applied to the reactions in solution," the author investigated the landolt intro-
ducing reaction (t) and tried to see whether the velocity' equation (q) teas right. 
    Sulphurous acid has three different types, such as SO:, 1-ISO, and SOS 
according to the hydrogen ion concentration of the reaction system, but when 
pH=q-~g, it may be said that only HSO~ exists". Even in such a simple case, 
it has. been reported that the same mechanism and velocity equation as those for 
SOs are established ° and so the present experiment was carried out on sohi-
tions of pli=4-x-5. 
                          Experimental. 
    Materials. 
    All the reactants used were the chemicals "fur Analyse" of Kahl6aum and Aferck. The 
canter employctl for the preparation a d dilution of the solutions was cabal had been redistilled 
in the tin /task and was Free from carbon dioxide. 
    (t) Acid sodium sulphite, Ab cal o.oq cool/L solution preparei by weighing was titrated 
by the standard iodine solution. This stlution was kept whit nitrogen in a bask holding 
about 5 litres for .fear of its autoxidation by the air, and was taken out by the pressure of
nit open compressed by alkaline pyrogallol solution. Though no acid was added to it for the 
protection from its decompasition, yet its change of the titre was so little as about 7% r 
month after it a~as prepared, The concentration was accumtel}' measured every time the ex-
periment was auxied out. 
    (z) Potassiumiodate. o.og cool/l. solution prepard by weighing was titralal as usual 
with the standard thiosulphate solution by the methtxl of iodometry. 
    (3) Acetic acid. Diluting pure glacial acetic acid (qq-V toot') o.g cool/l. solution was 
prepared and ti[mled with the standard barium hydroxide. 
    (;) Sodium acetate. The salt which hadfully been dried wxs nccuratel}' weighed and 
o.q cool/l. solution prepared. 
      6) S. Horiba ndT. Ichikawn, Rru. PAyr. Chem., 1 rq5 (rgz9); 'I'. ichikawa, 7,. Phrsik. ChNn., 
       (B), 10, x99 0930)• 
     7) S. Horiba, Reu. Phyr. Ch<ra., tl r89 (r937): T. Kn'saki, rdiA., 12, zt (t9~).
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    Thermnl analysis, procedure and appuratus. 
    The principle of the thermal analysiscan Fx represented by this 
               dT _ dT _ Q dr. (6)          
t dl - Ti' rlt ' 
where dl denotes th  obsen•ed valueof the temperature change in a reaction system, ddt 
the cooling velocity due to the temperature di[Ierence hehveen a reaction system and its sur-
roundin~s, Q the reaction heat, Ii' the water equivalent of the reaction system, andE the 
reaction velocity. In the presertt case when the cooling confirms to Newton's law, the cooling 
velocity is 
    de 
where K is the cooling constant and dT the temperature difference behecen the reaction 
system and its surroum&ngs. 
    From the observed value of- ajt the natural cooling n( the reaction system, Ih can 
be calcnlated; hence Ti', the water equivalent of the reaction system. by calculnfing dt with 
a constant supply of a known amount of heat m the reaction system. From K and IV, the 
reaction heat (~ can be easily obtained thus: Ict T~ mpresent the temperature in the reaction 
sys[etn at the time to and 7o represent that az the time to as the reattion proceeds. If "a" 
moll of the reaction product are praluced, the reaction heat for r cool is given by ti:e 
.'ollowing expression which has been derived from equations (6) and (y) ; 
                  r, r
1a ' Fig. r.       2= aTr{f d%`+KJd'l~dtF C D 
                  o ro 
where S is the area of the integrated graphsur- w ~~ ~ Nz
rounrlerl with the curve showing the relation 
behveen d'!' and t. 
    The temperature rise per unit lime dT                            t
was calculated by means of a calorimeMr whicl, 
is shown in Fig. t. 
     .4 is a thermostat of x5to.oox°C.; B a 
glass Dewar vosel which is capable of holding 
about 20o c.c solution ; C is a normal. I3eck-
mann thermometer; D a glass sCvrer rotating 
z8otzo limes per minute; E is a hunter with 
platinum wire resistance which s movable up 
and down ; P a glass vessel with a ground glass 
lid holding about 5o ac. solution, which is con-
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attached to F and by turning it about t;o" the solution in F flows into B; II a gro~.tnd 
glass mantle inserted in the upper part of B, Laving a rubber stopper under which a paralfin-
soaked tbin cork plate is attached; I the flask which holds alkaline pyrogaIlol solution to 
be used for the purification of nitrogen to expell the air on the Band F solutions; J the 
manometer to measure the rate of flow of nitrogen ; K a normal thermometer (g aduated into 
a tenth of a degree}, by which the temperature of nitrogen is ascertained to tx equal m 
that of the thermostat 
    WhenB holding too c.c. of mixed aqueous solution of polassiunt iodalc, acetic acid and 
sodium acetate is heated to almost he same temperature as that of the thermostat byE, it is 
raised upwards and on 5o c.c. of acid sodium sulphite solution held in F purified nitrogen is
made to flow for zo~;o minutes at such a speed as not to lower the temperature of the 
solution er The gas (lows out from the place made air tight with liquid paratfin through 1•', 
3f and B. t hour later, the F solution is mixed with the B solutiot>.°j At the same time, 
the reading of Beckmann thermometer beiirg tapped automatically is made together with the 
time reading by a stop watch. It takes z.o^-aa seconds to drop out the lvhole of the F solu-
tion and, according to a test \vith a coloured solution and water, both solutions are mixed 
instanhincouslp. Therefore, the author assumed [hat the reaction started at the moment the F 
solufion was dropped in. 
    Values of the cooling constants and the water equivalent. 
    The resistance of the platinun wire E for electric heafing was measured preliminarily by 
means o(a potentiometer and a standard t ohm resistance under the same condition as in the 
calculation of the water equivalent and found to be z.otq ohm. Similarl}•, [he attorney of the 
ammeter used for reading the electric urrent to the heater was confirmed. The values of I6', 
the water equivalent, and $, the rooting constants°I obtained thus are (,riven i  Table t"I 
    Ilere i[ is to be noted that a platinum wire is dipped in tgo c.c. of the solutionin the 
case of the calculation of the water equivalent, but not in the course of the reaction. Therti 
fore it is no wonder that this caused the difference between the cooling constants for botL 
cases; K and If in Tablet correspond tothose for the calculations of the water equivalent 
and the reaction velocity respectively. And the exact water equivalent fur the reaction is to 
     8) $knhal and Zahorka (lot. rrr) tamed out thu- experiment i  he air and olserved the autoxida-
         [inn of ncirl sulphite when the reaction was slow, especially' nt the Inter part of thereaction. 
        They recommended thatthe reaction should ha made in the at mnsphere of inert gamAccord-
        ingly, the present author relieved himself o  the 1rouLle ofpacing nil rogen when thereaction 
        was supposed to take place relatively rapidly. 
     9) It was preliminarily ascertained Wat thechange of the titre of acid sulphite in the vrssel A 
         during the procedure was o small av to be neglected. 
    ro) Nhen the coolingv- corrected using [he value of K according m equation (7), the temperature 
         of the surroundings of the reaction system should tie taken to ha o.ot7°.-.q.oL9°G, higher than 
         the temperature of the thermostat. For the cooling i cau+ed by some other method thanlhab 
         of conduction a d ^ '-- aRecled by the heal of stirring. 
     rr) \Vhen room temperamre was higher than 2$°C., the wind 6y an eltclric (an was made InLlow 
         on the surface ofthe thermostat fu cooling and the thermostat was hated by a microburner.
(1938)
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.~'DlntlOn ahe! TCBCtIOn
                     Mean values: dp=oat ry8; d;=oov3o; lVm t65.S 
be given by deducing that of the platinum wire from the vnlne of If' in Table t. As the 
water equivalent of the dauer, however, is only o.oz (cal.), the value of IV, in practice, is
given by the above-mentioned mean value: t6g.8 (cal.). 
                          Theoretical.
    (a) Thermal analysis of the second order reaction. 
    As already mentioned, when iodic acid is in excess of sulphurous acid, the 
Landolt effect appears; and the reaction becomes so much complicated that it is 
now a little difficult to deal with it thermo-analytically. An interesting question 
is n•hether or not the introducing reaction (t) can be isolated n9ten the quantities 
of iodic acid and sulltltttrous acid are almost equal, or when sulphurous acid is in 
excess of iodic acid. In order to solve this question, when the hydrogen ion 
concentrttion is fixed by a buffer solution of acetic acid and acetate having ex-
cessive concentrations (or the other reactants, the reaction must be dealt wilt as 
a second order reaction with respect to iodic and sulphurous acids. 
    In this case i[ is possible that, the concentration of one reactant being made 
to be more than to times as high as that of [he other, the velocity constant of 
the second order reaction is calculated from that o(a pseudo-unimolecular reaction 
as done by Y. Nakanishi'~ in his thermo-analytical study of the reaction behveen 
chromic acid and oxalic acid. This method, however, can not be generally 
applied in the present case: Therefore, it is desirable for us to have a new 
    u) Y. Nakant+hi, Rru. Phi:. Ckrm. Jafmn (Jr/nrnrr di[ioe]. 9 95 f~934)•
(1938)
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thereto-analytical method to be applied 7or the second order reaction, except that 
for the first order reaction which has already been used. 
    The author's thermal analysis of the second order reaction will be mentioned 
below. 
    ([) \\'hen the concentrations of hvo reactants arc equal, the have 
              ~Tx 
where k~ is the velocity constant of the second order reaction, and a the initial 
concentration of the reactants. Being integrated, this becomes 
                   1 a(a-x) 
Hence 
                         k~a'=t 
                    k.,att 1
Substituting (1 [) in (9), we have 
               rfr _ ( a 
    Then, substituting this in our fundamental formula (6), we have 
              ~ltl _ QL•~ a (13)           dt IV ~ .Gatt 1 
where `fitis what has been obtained by a ding KJ7; the correction for the
cooling, to d[ 't'aking the roots of both sides of equation (13) a d then their 
reciprocals, this becomes 
            dtl -~ Q •t-F a 1 Q~s (t4) 
     dt 
    Accordingly, if the reaction is of the second order, plotting the directly 
observed value of [h~t for the time t, a straight line will be obtained. Th  
slope of the line thus obtained is given by +~Wk.,/Q, and the length of the 
ordinate at t=o by ~ ~bl~/Qk,. Let Sand ! represent this slope and its in-
a tercept respectively, then [he following relations will hold: 
             __ S __S=xQ W (5) 
and 
            _ W ( )             Q 
SxTxa• t6
(1938)
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Consequently, the values of the velocity constant k, and the reaction heat O can 
be easily calculated. 
    if ~ at , and that , are represented by l ~i l and \ ~t /o respectively, 
equation (1¢) becomes 
    (z) When the concentrations of two reactants are different 6'om each other, 
we lave 
           tix =k~(a  xxL -x), (t S) 
where a and 6 arc the initial concentrations of the two reactants. 13eing in-
tegrated, [his becomes 
                              7 al- {
Substituting this in equation (t8), we have 
                   dx e~'a"-at
                dt =k~rtb(a-b)'•;a~,,,,a->,-b~"' ('O) 
Then, substituting this in equation (6), we have 
                  dB - Q e"'ta-.t 
               rlt 6p •kmb(et-b)"{at'k"w-at-b{:' (''-t) 
    In this case, even if equation (zt) is transformed, such a simplerelation as 
equation ( ¢) will not be obtained. Accordingly, the curve of f~ ...t directly 
observed, by using the value of k. obtained from equation (15) when a=b, and 
that o(Q from equation (t6) or equation (S) or from the thermochemical data, 
shouldbe verified in the whole course of the reaction. 
    (b) Comparison of the formula of the second order reaction with that of 
          the first order reaction. 
    The formula of the firstorder reactionrt is this 
          In~ d[l ~=Lt Q ~~ -kit, (2z) 
where kt is the velocity constant of the first order reaction and a the initial con-
centration u(a reactant.
12n (1938)
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    Let us compare quation (32) with (14). In the former, the velocity constant 
can be simply obtained merely from the linear slope expressing the relation 
between log ( t[ /and t,but not in the latter as seen from equation (]y).As 
to the latter, in the calculation of /,~: we have an advantage of being able to 
adopt any one of the three terms in the right hand side of equation (t5) according 
fo the combination of two or three reliable values Gom S, 1, Q and rr. In the 
adoption of I, however, attention should he paid to the tact that the numerical 
values of the intercept would considerably depend upon the measurement of the 
start of the reaction or t-o, analogous to the case of chemical analysis. As to 
the thermal analysis, the time when the reaction starts is determined relatively 
accurately by observing the rise of temperature by means of a Reckmann ther-
mometer, and the time lag caused by the thermometer can be checked by 
extrapolating the observed curve of JT t. Therefore, the present method of 
using the intercept is comparatively satisfactory as will be seen later from the 
value of k,. When the reaction heat is known or calculated accurately, it is 
better for us to calculate kadrom equation (t~) taking any time after the start of 
the reaction to be zero, as the case of chemical analysis. 
    It is n•ell known that the velocity constantof the first order reaction is in-
dependent of the concentration, while that of the second order reaction depends 
on the unit of the concentration. Accordingly, in the case of the first order 
reaction, i( the number of gram cools of the reacting substances present in the 
whole capacity of the reaction system is substituted, for example, in "a" in 
equation (?2), the velocity constant and the reaction heat for t gram cool can be 
directly obtained. In fire case of thr second order reaction, in order [o obtain 
the velocity constant indicated by the unit of gram cool per litre and the reaction 
heat (or t gram cool directly from equation (t4) and others as in the above case, 
the whole capacity of the reaction system nutst be t litre and so on]}~ the value 
of hV corresponding to this should be used. Accordingly, when the capacity is 
not t litre, (or instance. ~< c. c., foi the above-mentioned purpose, what the 
multiplication of the observed mater equivalent by the numerical value. of loon 
u gives must ahvays be used. 
                            Results. 
   In the Landolt introducing reaction 
           IOC +3HS0, +3Ac -~I +3SOa -+3I-IAc. (z3) 
the ratio of the molar concentration of potassium iodatc to that of acid sodium
(1938)
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sulphite should be t :3, or it should be ` equivalent concentration". I(t mot of 
acid sodium sulphite is used for I mot of potassium iotJate, the Landolt effect will 
apppear because of excess in potassium iodate. 
    The concentrations of acetic acid and. sodium acetate, which were employed 
in order to fix the pI-I of the reaction system to q~..j and to keep the hydrogen 
ion concentration constant iu the course 'of the reaction, were made to be amply 
high for those of potassium iodate and acid sodium sulphite. This procedure 
might be enough to prevent he ionic strength of the solution from varying in 
the reaction system during the reaction, as seen from the above-mentioned 
stoichiometric equation : (a3). 
    Whether the reaction (a;) proceeds according to the second order reaction or 
not is the immediate question. To this the present author intended to apply the 
thermal analysis of the second order rwction. This intention is attained best in 
the case when the concentrations of potassium iodate and acid sodium sulphite 
are equivalent o each other. Therefore, the experimental results obtained are 
divided into two cases : (1) when. the concentrations of the two reactants arc 
equivalent and (II) when those are not equivalent To the former case, equation 
(q) is to be applied, and to the ]attcq equation (t3). And if the molar concen-
tration of potassium iodate be substituted in the "a" of equations (g) and (IS), 
then one third of the molar concentration of acid sodium sulphite in " G " of 
equation (13). I-lence, in the following descriptions, the cases (1) attd (II) will 
be mentioned sivtply as the case : a=6 and the case : a#6 respectively. 
    (I) The case when the concentrations of potassium iodate and acid sodium 
         sulphite are equivalent, 
    (a) \\/hen the cmtcentrations of potassium iodate and acid sodium sulphite 
are fixed and hydrogen ion .concentration is varied. 
    L.xperiments were carried ont'o' on thz solutions, whose concentrations are 
given in Table z, taken out by means of calibrated pipettes from stock solutions. 
The whole capacity of the reaction system was I jo c.c. 
    One of the results obtained on the experiments in Table :, e.g, on lixpt. q, 
is given in Table 3. 
    t}) The vessel(Nin 1?ig. t) holding 5o c.c. of the solnHon .vas preliminarily waslrod with the 
         smnc solution aswas used in the experiment. I  he experiment, 0.05 o.c. of this solution
         being dropped in Nte I)ewnr vessel nta certain time aRer the start of the meamren,ent, itwan 
        received by n small removable dish lest he water egnivnlenl ahmdd he ehnnged duringthe
         reaction. '1'hcrefore, th  mnount of the soht[ion was preliminarily increasnl by o.05 ce.
No. G
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Sxn x7 9oa xq 9Sa 30 008 xa 95x qG
Sxn v 9xo ~ ~ 9ss 5 00 007 x6 94z So
Sza z5 Sza 37 99z 30 aoG x8 9iz SG
$ i0 zg 930 Sn 9>< 6 00 ooz za 9v 6z
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    Using the observed values as in Table ;, the curves obtained by plotting 
JT for t with respect to Enpts. f , '?, ,g and ¢ are shown in Fig. ? "~ 
                    o.•r r.~• The values of d0 and 1 rill ofEspt.q  o.z At ~~ r1t                       ~~~calculated fromrIT, which has been obtained 
F, from the tangent of the curve of JT t, are 
a o.r 
1 given in Table ¢. 
   o The value of ~J,{~_ •• ~ tabulated in the 
    o z q 6 8 ~o 
           -. t (min.) ]ast column of Table ¢ having been calculated 
      Y'ig. z-Influence of [H+~, aCCO(ding to equation (ly) , it is satisfactorily 
constant for the wlwle course of the reaction. The linear relation was obtained 
between 11 dB and t, as predicted from equation (1¢), as shown in Fig. 3 with 
        l dl 
respect to Table 4 and in Fig. 4 with respect to all the e~(xriments of Table x. 
(Some deviation from the line at the intial part will be discussed in section (III)). 
    rq) The mark in the figure will Tx explained Infer.
~i1~1t~o)it~~ Vol. 12n (1938)
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'S/6
O.I42 0.0594 0.06081 qA6 (x.z3)
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       o z 4 6 8 0 _ 4 6~ 3 
                 Pig. .i.-E.p6 4• P'~. q.-InOuencc of [I[*]. 
   Using the values of the slope S and the intercept 1 for cacL line obtained 
from Pig. 4, the velocity constant 6•. was caludated by the three different 
formulae of equation (t5) and the reaction heat O was calculated by equations 
(8) and ([6). In order to obtain k, having the unit of mol per litrr and to 
calculate Q corresponding to t mol of potassium iodate, the following precautions 
have been taken, (i) The concentrations of the reactants in fable z are converted 
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tration of potassium iodate is substituted ; (iii) (or the water equivalent LV to be 
used in the calculations of O and k_, the value, r65.8xiooo/rjo=iloj, is 
taken instead of r6j.3 w}lich has been preliminarily obtained for the true water 
equivalent iV (Table r). 
   The values of k, and Q thus calculated are tabulated in Table j, where 
" _O," denotes the reaction heat calculated by equation (3) and the value of Qr 
for each experiment was used, for convenience, in the calculation of the cor-
responding k, when the reaction heat Q is necessary. 

















































    As seen from Table j, though the methods of calculating the value of O_ and 
of is are thereto-analytically diflerent from one another, these values are in good 
agreenient10j 
    That the reaction takes place stoicliiometrically according to equation (2 j) is 
justified by the good agreement of Che observed values of the reaction heat with 
the valve of [59.6 Kcal. obtained by calculation from the therniochemical d ta.'at 
   Assuming that the reaction is proportional to the first power of the hydrogen 
ion concentration, when the values of !r. of each experiment obtained, for example, 
from the expression " S// • a " were divided by the integers, z, g or q to make it 
equal td the frH value of Expt. [, those of Expts. t, z, 3 and 4 were found to 
be 3z.y, 9z.3, 32.j and S7.t respectively, and 36.z as the mean value. From 
these results it is evident that the reaction is proportional to the hydrogen ion 
concentration ~H*]. It follows, therefore, that fire velocity equation (¢) of Skrabal 
mtd Zahorka is valid. 
    t5) As to the value of (he intercept (!) in equalinns (r5) and (i6), of tonrse, it is corrected by Ibc 
         liane lag (tiee the 5th column.) which bas Ireen taAen to be the mean value between the nb• 
         served vatic and the value obtained by extraprdation of the dT t curve. The values in 
         pnttnthesis are what have not Frten .corrected, bur it u seen amt there is little rlitferencebe-
          lwttn those values and the conrected mes. 
    r6) 73iehowski & Rn>.ini, T/rernror/miairtr~. of C/~enritnl .Si~bttmttet (I9~6}
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   (b) Influence of dilution. 
    In the case wheneach solution of the reactants is diluted in equal proportion, 
the ratio of the concentratial of acetic acid to that of sodium acetate being made 
to 6e constant, the experiments] results obtained are given. in Table 6,"' the VT t 
curve in Fig. g, and the linear relation o[ 1/,) dtl ~-t in Pig. 6.'"'                                'Y dd
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     Fig. g.-Influence of dilution. N'ig. 6.-Expt. 3; ~(x/a/ de )-6]--t. 
    As: seen in Table 6, the values of Q and k_ of each experiment are in good 
agreement with each other. (See the same row.) The. values of k.: are considerably 
different from one another in different experiments, except those of Expts: a and 
j. This difference is ascribed to the salt effect as will be explained later. 
   If the calculated v lueof i~ (Table y) isplotted (or t according to equation 
(l3), for example, using the values of O and k, in Table 6 for the observed curve 
    ry) The mncenlrnlions f acetic acid .used in the experiments indicated Ly .are x.t53 times as 
        Inrge ns those given in the table. Aaoniinglg the ol~crved raluc oLlained being dividedby
        1.153, Bom the results of the pmceding section (a), me value of k: was obtained. 
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of tfE -..t of 1?xpt. f, taking the correction of he time lag (8 seconds) i to con-
sideration, both the calculated and observed values agree well with each other 
    zg for the whole course of the reaction as seen in 
                          r;g. ~. 
    2O 
° osx (c) Salt effect. 
             • °°`° As describedin' the preceding section (b). :, 
ss 
                            the deviation of the velocity constant k, in Table 
b ~e                           6 is chiefly caused by the salt effect of sodium 
     ro 
 f acetate in the solution. 
    s Skrabal and Zahorka" nrricd out the same 
                            experiment as Expt. 3 (Table 6) at 25°C. by
     ° chemical analysis and found the value of k., to 
      o z 4 6 
           -. a (ml°.) be z9. This value of his is remarkably dif(crent 
         L''s' ~' I''xP`' 6' from the present author's-53. Considering that 
the difference might be due to the decomposition f acid sodium sulphite in stock, 
the following rivo experiments were performed: (I) the case when acid sodium 
sulphite solution of almost the same concentration as before was employed im-
mediately alter its preparation ; (z) the case when sodium chloride was added as 
a neutral salt to the solution of the former c;tse. The results obtained are given 
                             Table y. 















0 a a o.z3go
3/6 0.008 azz5z3 z.ll 0.zOi7
z/6 oAgq o.zo954 :.[y (o.qS)
3/6 0.077 a I7391 2.q0 0.87 alg9l
qf6 o.loq o.lggtz z.63 1.06 o.l3oz
5/6 o.l z6 o.l z35G zJ9 o.Sz
1 0.147 o.l [490 z•95 IAI alol5
S/6 o.ISI oA388g 3.35 IA7 oAStS
10/6 azo6 OA7S26 3.7z IA7 OA671
- 
2 . o.zz7 O.O SSoo q.I6 Ltz oA561
2.5 o.z5z o.og6oy q.66 IA9
3 o.z7l oA36zo S.z6 au oA354
4 o.z9S o.ozG31 b.zq lAS~ oAZgq
5 0.;17 o.olSSz 7.3I LoS
6 o.33a o.ot3(7 8.66 Ltz oAl3fi
7 0.380 o,ou37 9.z1 IAq OA10]
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    For comparison, the author studied the same reaction as that of Fspt. 9 
("fable S) 6y chemical analysis,"~ and the results obtained arc given in fable q, 
which agree considerably well with those obtained by the thermal analysis. 
   It is evident from Tables 8 and 6 that the reaction is affected positively by 
                             Table q.
'Phermal analysis Cl~emical analY~is
















3 o.IO7 oA2o23 7.0.7 t 0.oo15fi6
4 O.I2q 0-01714 7-bq Obl 55 2 OAOIg35 53
3 0.139 O.o lb32 8.3G ab7 66 3.5 OAOI229 70
6 0.151 OA[2Q7 &96 o.fiq ba 6.5 OA01029 I~
7 a.lbl DAIII7 9db obI 55 la oAOO9o2 52
8 oa 7a oAO934 10.35 o.b6 bq Ib 0.000763 q6
t9) The 





Ore same as asttl by 
cylinder w9tich aa• open
Skrolml and 7ahorka (lor. riL); the reaction 
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city constant k, of each experiment for the ionic 
       strength /r"0j of each reaction system, 
       such a straight line as shownin Fig. 
       to was obtained. The results of Skrabal 
       and Zahorka arc also shown in Fig. 
       to for comparison :° 
          In this figure,the straight line of 
_o ~_;..p obtained by the author agrees well 
t 
 s with that of Skrabal and Zahorka in its 
N=wise inclination, especially in the case of no k:=eq addition of sodium chloride. 
entrations of potassium iodate and acid sodium 
valent. 
ne reacting substance is very- large as compared 
times (u> ]o) as large, the thermal analysis is 
ase, the reaction proceeds according to a pseudo-
 equation of thermal analysis of the first order 
he velocity constant k, is obtained ; hence the 
of h, by to x rr. 
as carried out on the concentration f acid sodium 
at of l~.xpt. 3 in 1"able 6. The J7%..t curve is 
Plotting lo \d~ l for !, a straight linetvas 
part of the reaction as shown in Fig, I t. The 
u this are given in Table [o. 
effect is taken into account, the value of k_ of 
ation of the thermal analysis of the first order 
k, b}r the equation of the second order reaction. 
~caction does not proceed according to the first 
olnr cnncentmlinn of the ion and z iA vnlcntt. Assuming, (nr 
 oral dissociate, sodium acetate dissociates by Se~$ and all the 
cnlculatiun was made. If the diswlutimt rat the acid sulphite 
cnns'idemliun, the point in I~ig, to will Lc reatoved slightly io 
xsciss'a. 
xpls. [, S, g, to and t[ in 1'uble S n( Skrabal and 2aborka 
S;, is wlml has peen obtained by duo hling the value of k, in 
into the some as the others.
(1938)
R ~ S, 
s.
   0 5 to 
                 -. a • to" 
    Fig. to. Ikhendence o(the velocity 
     constant upon the ionic strength. 
   
• {lI) The case when the cone 
         sulphite are not equi
    When [he concentrationof o 
with that of the other, that is, !r 
most easil}• applicable. In this c 
unimolecular eaction, so that the 
reaction (2z) is applicable and t 
value of k, by dividing the vahie 
    "I'}terefore, the experiment u' 
sulphite to times as high as [h 
shown in Fig. I3. (See below.) 
obtained for the relatively initial 
values of Q and k, calculated (rm 
    In other words, if the salt
Expt. t 2 calculated b}- the equ 
reaction agrees well with that of 
   The phenomenon that the t 
    zo) !t=!'t ~z nrw, whore n~ is the m
        simplicity, that acetic acid does
         others dissncinte completely,the 
         .vdutinn i stock i. takeninb.
        the right in para~el withtheal 
    zl) Sp S., by Si and SS indicate P: 
         (tar. rit.) respectively. Of these,
        Espt. y to cotwert i s J~l[ value
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reaction from about l=? 
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 v =•s 
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   1 i.o 
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             o ~ _ i 4 
                         -. t (min.) 
         N'ig. rr.-Expl. ~z (Pxndnwnimolccular). 
    In regard to this Expt. t 2, using the vw 
value of ~~ for t calculated from the quat 
alb are given in Table 1 t. 
   Comparing this resultwith the observed 
in Pig. r z, that the observed curve coincides 
initial part of the reaction. 
   Using this reliable equation (? i ), other 
two reactants are not equivalent were eaa 
condition : as=h are tabulated in Table r 2 a 
Fig. t3. The value of k< corresponding to t 
medium for each experiment was obtained fr 




























 o t z 3 4 
rz.-Expl. i2 (Pxudo-nuimoleculnr). 
of k, and _Oo in Table io, 





it is seen, as shown 
theoretical one at the
~, r cases where the concentrations of thn 
v x mined. The experiments under the 
l  t  nd the JT t curves are shown in 
ling  he ionic strength p of the reaction 
tained om Fig. io. Using this value of k., 
integration of the JT-..t curve, the observed
Nn. 6
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0 a 0 0.1336
~fe o.oz7 n.Tlxlb i:o7~4
zJG oAg6 0.10x05 T.ooxy (87.7) o,loG3
;J6 0.052 oAg5o5 i.g75o 65a
4/6 0.077 oAS5o9 9449 Sss oAS48
5/5 0.091 OA7505 5754 6S.z
1 oao3 oA65G5 5357 65.3 O.OGSq
8/6 0.1 zz ao5g5z 7366 66.5
0.5 o.rl oog996 6g% 6q.7 0.0493
.o/G 0.139 oA4447 6881 65.3
s O.TQI oas595 5557 65.1 0,0357
z.5 0.165 0.ozt03 3430 7x3
3 0.173 o.ongo 0569 x3A ao~g6
3.5 0.177 0.00795 3.9oza xls
4 at79 0.00653 5149 76.3 o.a07
Tahl? ~ ±.
tixpt. No.










Nal[ti(h SIOs HAc NnAc Qs
13 oAO6 o.ooq o.o6r' o.ofi t63.7 n ilmge0 ~1
Iq o.oof, oAO3 oAf,+r o.ofi I7o.8 7 air
(7) 0.006 omz oA6~ oA6 I56.3 I3 ~/ (6)'
IS 0.onfi 0.00I OA6 O.OE rSo.l 7 nilrngen © }
tG o.otz o.ooz o.06~ onfi zo4•c 3 pz),
(8) 0.003 0.001 oA3 oq; Izg2 5 (')
I2 oA3o oml 0.03 oA3 23¢.O I Lj air ( io)
of the theoretical its -~-1 curve with the 
observed one is, however, not so good 
as already seen in Fig. ~ ~ and y. This 
shows, as wi14 be explained below, that 
a new reaction which would prevent the 
reactio~t from proceeding duly according 
to the second order reaction has taken 
place.
`~~ ~-[ curve obtained Erom Pig. t3 was verified by equation (z i ). "I'he coincidence 
d[ dB
   aJ [~K 
                                                                   L./.i, 
U 0.z ".'.. 
~ "`° 
v 
                                             !M R 
} oa ~ ~ 
0 
     o s q 6 8 
                  t (min.) 
      b'i~. rg.-[NnHSO~] and [KIOM1] are 
               not equivalent.
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   (III) The abnormality of Lhe initial part of the reaction. 
    In most of the dT ! curves shown in Figs. z, 5, 8, and t3, there is :+ 
break at the initial part of the reaction;"' which has been marked with an arro+v-
like notation. Accordingly, in the case when ra=L, the linear relation between 
I~ ~H and ! is always of such a type asFig. tq having sonic deviation in he 
earlier p iod ; in the case +vhen a$h, abnormality is fowidn the ~Y ~E curve 
                                                               zs 
                                                          zo
        ~o 
~Q+~° \ 







            o r z ; 
            o _ q fi
                 Fig, tq. 
as in Fig. tg. in the latter case, t 
at the initial part and at the later 1 
    A tendency found in the esper
using another reaction vessel which 
constant becontcs smaller towards t 
that obtained by chemical ;tnalysis 
ing the reaction vessel but not the 
    zz) In the case of such electrical Leatin 
         in the reaction, Ihis hicak doesn 
         and not to the Iteckmann thermnm 
     z;) Rm whcu a=b, the twth curves 
        suyposed In be pnninlly due lu t 
        arxunle than in the nae: abb. 
    zq) The thermo-analytical cxperimud w 
         nnal}-sis in the air.
             is \ 
      ~ \\ 
         t l0 ~ 
                                               ~~.                                        .
~ 
. 5 
q (Fapt. t) o z q G 8 
                          Fig. 15.-rapt. r;. 
he observed curve is above Nte theoretical one 
tart-°" slightly below it. 
imen[al result obtained by chemical analysis 
was often to the air (Table g)-the velocity 
he end of the reaction-was also noticed in 
made under almost the same conditions (inchtd-
atmosphere'"' only) as the thermo-analytical 
g as ar make almost the same rise of temperature df as 
nt appear, +o that it seems to-he due to the reaztion itself 
eter. 
nearly agree with each ollmr al the later part, which is 
he fact lhol the calculated values of k_ and Qp ore more 
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experiment (Table tg). The rise of temperature being measured each time the 
same reaction was made to proceed, it ryas ensured that the initia] part of tlfe 
reution had undoubtedly the peculiarity mentioned above, the degree of which, 
however, was more or less different in each experiment. 
    The remarl:ablc changes of this phenomenon of the initial part caused by 
systematic variation in the conditions of the reaction are shown in Pigs. t6~.[g: 
the changes made by the variations in iodate, acid sulphite and hydrogen ion 
concentrations in Digs. [6, [7 and IR respectively ; the change by addition of 
sodium chloride in Pig. [9. 
              lhble t3.
                                                                                              so - ~ r,r,t -
           l Gmc. of iodatc S ET 
        s.5 o.wx677 ~ - j I$ 
          z o.oox 5o; ~ x33 q Sws 
                            o,.oorax '~ xo7 I 
           4.5 coost8t i Sq E.w is z 
           (, n.ooxo73 74 
          n o.oooSu Gi 0 
                                                         o s z ~ 4 5
                                                        Fig. tb.-Vnriation of [K iOf].
                                                          5 - -_     xz to 
                                              Fip~l
    xo glom. to 41.e. 
                 fys -.-.a._ 4 Y _.-.a:.
                                       \; 
   S 8 ~'  .b 
Exp[f .b ENS .y 3 1\ 
ely 6 f °V $6 ele `~ 
       C \ E.K9 
                                                                            z •~1 •` 
1 i ~     4 
;, q                                                                                       blue
                                                         e.r, i t 
     a z 
     0 0 0 
      o s z 3 4 5 o t z 3 4 o r - 3 4 fM.xnt. i 
            -• l (min.) -. ! (mint o z q 6 8 r~;:Nt. tat 
   Fig. t7.-Variation of [Na[iS(1a]. Fig. s3. Variation of [I[+]. -. ! (min.) 



























i                                                     ~i11~1t~at;1€~ Vol. 12n 
183 li. hfATSl:1'AhfA VoL XII 
                             Discussion. 
    From the above-mentioned results the following conclusions arc drawn with 
ease when a=G. 
    (t) The values of O, from equation (8) and _O from equation (t6) are almost 
equal to that obtained from thermochemical data. It follows that the reaction 
actually taking place•is stoichiometrically that represented by equation (23) or (t), 
at least when the both concentrations are equivalent, which may be true even 
when these concentrations are slightly different 
   (2) The observed lin ar relatial betlveen I/ ddand t and the influence 
of [H*] on k, confirm that the following velocity1 equation: 
          -~t~IO; ] -X~IO9 l LIISO, ] U I'l 
             ~~ 
is undoubted)}~ established when a=h, and probably even when rz=6. 
   (3) That the Landolt introducing reaction (t) has been isolated in the present 
eXperintents is justified by the facts that a straight line was obtained for the rela-
tion between I IN dt and l in the main part of [he reaction and, the salt effect 
being taken int///o consideration, the value of k, obtained from this line agrees with 
that obtained ~by Sl:rabal and Zahorka. 
    It may be said, therefore, the main aim of the present research Itas been 
attained. Then, hots the abnormality noticed at the initial part is to be explained 
will be the next subject o handle. 
    In the case of a slow reaction, it is seen from some experimental results 
obtained by titration that the iodate ions which should have been exhausted remain 
as they are, though a few, in the reaction system alter the reaction has finished. 
This is, as Skrabal and 'Lahorka said, ascribed to a partial oxidation of acid 
sulphite due to the oxygen present in the reaction vessel. In fact, when the 
concenhation of acid sulphite is too high for that of iodate, the reaction heats 
calculated from equation (S) are large in amount as compared with that in the 
case when the concentrations of acid sulphite and iodate are equivalent, and in 
Expts. ~z and Iq where the reaction vessels were open to the air, it is seen from 
the calculation of the reaction heat Qp by equation (8) that heat is being gene-
rated continuously in. a ]ittle amount even when the reaction seems to have 
finished. This may be also ascribed to the oxidation of acid sulphite in the 
presence of oxygen. 
    From the fact that insome cases the observed d~ ..t curve coincides quite 
well with its theoretical curve at the later part where the phenomenon in question
(1938)
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has disappeared rnpidly and completely, plotting the di(Yerecice between the observed 
dfl and the theoretical one-corresponding to each time at the initial part for t, the d
t 
curve (mountain-like) shown below in Pig= t~ or tq was obtained, which'is the 
r1U -..t curve oral}' for the phenomenon in the initial part. r
ft    Assuming that this ~~ -mot curve is ascribed to the oxidation of acid sulphite 
by dissolved oxygen in the solution conttiining the reacting substances, the. 
amount of heat evolved only b}- the phenomenon in question can be calculated 
b}' the graphical integration of the corresponding r~ +t curve just described and 
by the same water equivalent. 11s far as the order is concerned, the number of 
gram cools of-the decomposed acid sulphite calculated, using the heaC of oxida-
tion 65.o kcalr" fur t cool of aciel sulphite, is comparable with those of the 
oxygen present at too°C. in water, and this amount of oxygen is ahvays found 
to be sufficient for the above-mentioned decomposition of acid sulphite. Accord-
ingly, it is supposed that in the present rxllerimcnts he actual amount of the 
dissolved oxygen as is capable of taking par[ in the rapid oxidation may be, in 
fact, smaller than the above-mentioned amount. 
    The number of gram cools of iodide remaining until after the reaction is a 
third of that of acid sulphite thus calculated, sothat the corrected reaction heat 
O,. for 1 cool of io&1te can bu accurately calculated by the following expression 
        _ (Total amount of heat)-(Amount of heat due to autosidation)      ~`  (\u. of moll of iodate initial)-(iJo, of ntols of iodatc remaining) 
    -fh
e results obtained are given in Table Iq. 














t°iai due Inattlnsidnlionni[i:d remaining cnrrecled °OI
((~) correued({~
9)
[ O.0OO34j0 o.oooCSgS ~ ;1z.5Y 2z.z9 o.ooz A.ooon4? x 54u x56.3
o.000_507 ooooC>ryi[ ;i 9•(b x(.zY o.ooz o.0000536 x SR..; [59.8
7 0.ooo4S55 0.0oo7o6z 3xz.9z 31.5G o.ooz o.°ool6rS [5,;.[ 156.5
9 0.ooo5xl+5 0.ooo75SY 3~4I9 4o•^^-i o.om_ o.ooo[7zr [554 x6za
[a 0.0oo686R o.oooi SSY ~ .;oSGI g4.G5 aooz o.ooozz89. ~ x4Y~o x54•.;
in Table t4, the value of O~ is. nearly equal [o that obtained 
slue i; what hu becn nbinined L)• eilculalinn using the thennnchmnicil data of 
ski and Rmsini (I u. ril.), with respect rn the (oll~r.ring venetian: 
     Lttiit~ }-aft. (aq,)-I-Ac"-.S/la '}IfAc.
As seen
.5) This r 
    13iehuw
                                                        ~ill~lt~a~;L~ Vol. 12n 
 If)0 1[. 3fATSUV,\\fA Vul. XII 
 thermochemically i.e. i gq.6.kca1., and not so different from the value of Qfl ltdtich 
 has .not been thus corrected. 
     Again, that the phenomenon in question is caused by the oxidation of acid 
 sulphite by oxygen is supported by the following (acts; (i) the value of ds 
 velocity constant k, obtained by chemical analysis becomes smaller as time elapses ; 
(ii) the amount of the decomposed acid sulphite when nitrogen is substituted for 
 the air (Expt. i) is smaller than when the reaction vessel is open to the air 
 (Expt. ty); (iii) when the concentrations of acid sulphite and iodate at the instant 
 when the initial }><3rt of the reaction has e ded arecalculated, and !1 isplotted 
 for t taking these concentrations (or new initial ones, the curve thus obtained will 
 become mbre qual to the observed ~t ~-l curve than the theoretical one with 
 no correction. 
     Assuming that the phenomenon in question ap}xars because the oxidation. of 
acid sulphite takes place as a side reaction of the reaction behvcen acid sulphite 
and iodate, this side reaction is one of the autocatalytic reactions and ends rapidly 
in each ekperiment as enfrom the dt -~.t curve shown at the lower part o[ 
Fig. 17 or tq and also from Figs. 16~tg, ivIoreover, the reaction velocity of this 
side reaction is nearly proportional to the concentntious of iodate, acid sulphite 
and hydrogen ion, and the higher these concentrations arc, the shorter duration of 
 the phenomenon. 
     From these considerations it seems most probable that the oxidation of acid 
sulphife~`t by oxygen is .accelerated by a catalytic action of the iodide ion, the 
product of the reaction behvcen acid sulphite and iodate. According to A. Rerg,"t 
 for each concentration of sulphurous acid [here is a limiting pro}wrtion of hydro-
 iodic acid which has no influence on the oxidation, but the Lydroiodic acid has 
 a retarding or accelerating effect according as it is present in proportions greater 
 or ]ess than this limit. Consequently, if the iodide ion has an accelerating effect, 
the fact that the phenomenon at the initial part of the reaction ends rapidly will 
 be satisfactorily explained, for the amount of oxygen to be contained in the 
 reaction system and to participate iu the reaction is limited. This consideration, 
 however, will be confirmed by further thermo-analytical research on the effect of 
 the hydroiodic acid for the oxidation of sulphites by oxygen. 
     
. z5) It Las lcen preliminarily ascertained that the very rzpid oxidnlion does nol generally take 
          place-without adding any catalyst in a sulphite sohuion of such mncentretion asdealt withby
          the author. 
     sy) A. Berg, QYtt. Sor. Chirn., (3) 23, q99 (t9oo); Cnnr/r. RrnJ., 138, 907 (trpq).
(1938)
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                        Summary. 
   ([) By the method of thermal analysis the ionic reaction behvecn acid 
sulphite ami iodate in aqueous olution, in the case when the latter is not so 
much in excess of the former, has been s_fudied at pH=4-..5 in the atmosphere 
of nitrogen or cite air. 
    (z) A formulaof the thermal analysis (or the second order reaction 'has been 
proposed and applied to the above-mentioned r action. 
   (3) That the following velocity equatimt derived from chemical anal}•sis by 
Sl:rabal andLahorka is applicable to the very reaction has been tltermo-analytically 
ascertained 
          -`~Ll-°~ _l =x ~lo:~ ] I Hso:~ 1[11+7 
                dl 
   (q) P'or the heat of reaction of the following reaction: 
            IOi +31-ISO~ +3Ac -+I +3S0. -+3I-IAc 
in a buffer solution of acetic acid and acetate, a value nearly equal to [59.~ikcal. 
calculatted from thermochcmieal data has been obtained. 
    (5) It has been found that at the initial partof the very reaction there occurs 
sovte phenomenon to prevent the reaction from proceeding according to the 
second order reaction when pH is constant. 
    (6) "I'he author has assumedthat the phenomenon at the initial part is 
caused by the oxidation of a part ofacld sulphite by the oxygen presen[~in the 
solution where the principal reaction proceeds, and interpreted that the rapid dis-
appearance of the pheubmenon is d;m to the autocatalytic acceleration of the 
oxidation of acid sulphite by the iodide ion, the reaction product. 
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